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( 57 ) ABSTRACT 
An apparatus for protecting an entrance to a protected area 
comprises a magnetic sensor to measure an ambient mag 
netic field or gradient within a first zone of sensitivity at a 
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of objects within a primary detection zone , a signal process 
ing circuit arranged in communication with the magnetic 
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alarm . The signal processing circuit identifies temporal 
variations due to the movement of a ferromagnetic object 
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instances in which the non - magnetic sensor means detects 
the presence of an object in its detection zone , and causes the 
alarm to operate in the event that the correlation is indicative 
of the presence of a ferromagnetic object in the primary 
detection zone . It also determines the direction from which 
an object is approaching the using signals from the non 
magnetic sensor means and modifies the operation of the 
warning device dependent on the direction . 
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APPARATUS FOR DETECTING outward opening door is provided . This ensures the door 
FERROMAGNETIC OBJECTS AT A does not pass through the zone of sensitivity of the second 
PROTECTED DOORWAY ASSEMBLY ary sensors of the apparatus . However , the applicant believes 

this is not a good solution . MRI rooms are subject to high 
CROSS - REFERENCES TO RELATED 5 levels of magnetic radiation from the MRI device , which 

APPLICATIONS could cause interference with the apparatus . For this reason 
many people do not like having any active part of the system 

This application is a continuation of application Ser . No . on the inside of the room . Similarly , MRI devices are 
14 / 438 , 354 , filed Apr . 24 , 2015 , which is a U . S . National sensitive to external radiation and so the apparatus may need 
Stage of International Application No . PCT / GB2013 / 10 to be shielded to prevent it from interfering with the MRI 
052741 , filed Oct . 21 , 2013 , the entire disclosures of said device . It has been proposed to switch off the apparatus 
applications are hereby incorporated by reference herein . whenever the door is closed to ameliorate this problem but 

This invention relates to apparatus for use in protecting a this introduces further complexity and a further source of 
doorway assembly , a protected doorway and a method of unreliability . Placing the sensors inside the zone being 
protecting a doorway . It is especially , but not exclusively 15 protected also means that the alarm will only go off after an 
concerned with the reduction of false , or unwanted , alarms unsafe object has already entered the protected zone . 
associated traditionally with such apparatus . Alternatively , the problem can be solved by placing the 

The present invention relates to apparatus for detecting apparatus sufficiently far in front of the doorway on the 
the presence of ferromagnetic objects and to a protected outside of the room for the door not to enter the zone of 
doorway assembly for a room which include an apparatus 20 sensitivity . However , this will cause the apparatus to take up 
for detecting ferromagnetic objects and in particular to a a lot of space , and barriers may then be needed between the 
device for detecting the presence of ferromagnetic objects in apparatus and the doorway to prevent people entering the 
the vicinity of the doorway of a room containing a magnetic room without passing through the zone of sensitivity . In the 
resonance imagining ( MRI ) scanner . case of a doorway in the sidewall of a corridor it may be 

In GB 2395 276 there is taught an apparatus which is able 25 impractical to install the apparatus in such a manner as it 
to detect ferromagnetic objects by providing a primary would block the corridor . 
sensor means comprising first and second passive magnetic A still further alternative solution is taught in WO 2012 / 
sensors which detect the disturbances in the ambient mag 022971 , in which a pair of light beams are used that are 
netic field which occur as the object moves through the field . arranged relative to the door such that with the door open 
The apparatus also includes a secondary non - magnetic sen - 30 both of the beams can be broken as a person passes through 
sor means which detects movement of objects in the vicinity the doorway , setting off an alarm , yet at no time during 
of the primary sensor means . If both the primary and opening of the door will the door itself cause both beams to 
secondary sensing means detect a moving object an alarm is be broken . This ensures that opening of the door does not 
triggered . It is proposed in that patent that the apparatus may trigger the alarm . Apart from the two beams being present 
be mounted to the wall on either side of a doorway to a room 35 the system can function in much the same way as that taught 
containing a magnetic resonance imaging apparatus , with in GB 2 395 276 but with a door that opens outwards . 
the secondary sensor means being arranged to detect objects with all of the systems described above , and indeed all 
approaching or about to pass through the doorway . Because other commercially available systems known to the appli 
both the primary and secondary sensors must detect the cant , there are occasions where false alarms can occur , or 
object this arrangement helps to reduce false alarms . 40 correct but unhelpful alarms might occur . 

The apparatus described above works very well to warn A first situation in which a false alarm can arise is when 
people who may be unintentionally about to take a ferro the system is triggered by the movement of a door which 
magnetic object into an MRI room . It is known that there contains ferromagnetic material . The doors to an MRI room , 
have in the past been several unfortunate accidents which for instance , are often solid metal doors to provide shielding 
have occurred due to a ferrous object entering an MRI room 45 that prevents radiation entering or radiation escaping from 
and being magnetically propelled , at high velocity , into the the room through the door . As the metal moves through the 
MRI machine within the room . This is called the projectile magnetic field powerful eddy currents can be generated in 
effect , and is well described in GB 2 395 276 . the door which are detected by the system . Then , as a person 

Recently there is a trend towards providing doors within or object passes through the door a false alarm is triggered 
the doorway of an MRI room which open outwards , i . e . out 50 as the system perceives the person or object to be ferromag 
of the room . This means that the door will pass through the netic when it is actually the door . 
zone of sensitivity of an apparatus which is located on the Another situation which is considered by some operators 
wall outside of the room . to be undesirable is the generation of an alarm when a person 

There are two issues that might give rise to a problem with who is carrying or wearing a ferromagnetic item , or perhaps 
a system that monitors the doorway for ferromagnetic 55 pushing a ferromagnetic object intentionally into the room . 
objects . Firstly , the door will often carry ferromagnetic This is not a false alarm as such , merely an undesirable one . 
items , such as door handles or lock parts , and as the door and A typical scenario would be a trained operative entering the 
items move through the zone the alarm may be triggered room whilst wearing an underwired bra which has become 
giving a false alarm due to Eddy currents being formed magnetised . This will trigger an alarm even though it is a 
within the door handles or lock parts or the door itself . 60 safe situation and the operative is experienced and may be 
Secondly , where the secondary sensor means comprises a trusted enough to make the decision that the alarm can be 
light beam the door will move to block the light beam and disregarded . 
then any ferromagnetic object within the range of the Unwanted alarms will also be issued when a person or 
primary sensor means but not about to pass through the door object is leaving the room and is detected by the system . For 
will trigger a false alarm . 65 instance , an operative moving a ferromagnetic object out of 

It has been proposed to solve this problem by placing a an MRI room will cause an alarm to be issued despite their 
detection apparatus on the inside of the MRI room when an being no associated risk . 
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Unwanted alarms may lead to irritation of the operatives , corresponding to an object approaching the door from one 
and could lead to them paying less attention to genuine direction compared with the alarm if the object approaches 
useful alarms . from a different direction . 

An object of the present invention in at least one of its The non - magnetic sensor means may be arranged so that 
aspects is to ameliorate some of the problems described 5 an object approaching the door from within the protected 
hereinbefore . area enters the second zone of detection before the first zone , 

According to a first aspect the invention provides appa - and in that event it may suppress the alarm . This means that 
ratus for protecting an entrance to a protected area , the the alarm is not issued if a person or object is leaving the 
apparatus comprising : protected area . If the object is detected as entering the 
a magnetic sensor apparatus adapted to measure an ambient protected area , or about to enter , the alarm may not be 
magnetic field or gradient within a localised volume of space suppressed . 
defined by a first zone of sensitivity of the at least one The modification to the alarm may comprise suppressing 
magnetic sensor , and to produce a corresponding measure the alarm completely , or partially . For instance if the alarm 
ment signal , 16 is both audible and visible , the audible part may be sup 
a non - magnetic sensor means adapted to detect the presence pressed whilst the visible alarm is still issued . 
of objects within a primary detection zone in the vicinity of The second non - magnetic sensor may in a position of use 
the magnetic sensor means , be arranged to detect an object approaching the doorway 
a signal processing circuit arranged in communication with from within the protected area prior to the object being 
the magnetic sensor apparatus and non - magnetic sensor 20 detected by the first non - magnetic sensor so that the alarm 
apparatus , and is suppressed whenever an object , such as a person , 
a warning device operable by an output signal from the approaches the doorway from within the protected zone . 
signal processing circuit , the warning device adapted to This allows the alarm to be suppressed as an object or person 
provide within the vicinity of apparatus at least one of an leaves the protected zone . 
audible alarm and a visible alarm , 25 In such an arrangement the signal processing circuit may 
and further in which : suppress the alarm for a defined period of time sufficient to 
the signal processing circuit is configured to identify tem allow a person to move through the doorway entering and 
poral variations in the measurement signal due to the move then leaving the detection zone of the first sensor apparatus . 

The delay may be from 10 seconds to 30 seconds . It is ment of a ferromagnetic object within the ambient magnetic 
field and to correlate the identified temporal variations in the in the 30 preferred that the delay is kept as short as possible . This can 
measurement signal with instances in which the non - mag be achieved best by arranging for the third sensor to only 

detect an object approaching a very short distance prior to netic sensor means detects the presence of an object in its the second sensor being triggered . detection zone , and in which the signal processing circuit is In an alternative the period of time need not be predeter arranged to cause the warning device to operate in the event 35 e event 35 mined , and the signal processing circuit may suppress the 
that the correlation is indicative of the presence of a ferro - alarm until such time as the object has entered and then left 
magnetic object in the primary detection zone , the detection zone of the first sensor apparatus . 
and further in which the signal processing circuit is adapted The applicant has appreciated that there is no need to raise 
to determine the direction from which an object is approach an alarm when a person or object is leaving a protected area , 
ing the doorway from the output signals from the non - 40 such as an MRI room , and suppressing the alarm will in 
magnetic sensor means and to modify the operation of the effect halve the number of times the alarm may operate when 
alarm dependent on the direction of approach . a person or object that is ferromagnetic passes through the 

The non - magnetic sensor means may comprise a first doorway . Reducing the number of times the alarm sounds in 
non - magnetic sensor adapted to detect the presence of this way may lead to an increase in safety as well as user 
objects within a primary detection zone and a second 45 satisfaction with the apparatus as alarms issued when a 
non - magnetic sensor adapted to detect the presence of person is safely leaving a room are considered a nuisance . 
objects within a second detection zone , which may only The protected area may comprise the inside of an MRI 
partially overlap the primary detection zone or may not room and the second detection zone may in use cover an area 
overlap any of the primary detection zone . The first and extending into the room across the doorway . The first 
second sensors may be discrete devices or may be provided 50 detection zone may be located in the entrance or close to the 
using a single device configured to perform two sensing entrance , i . e . outside of the MRI room . Indeed as long as an 
functions , in effect allowing a single device to act as both object must pass through the first detection zone in passing 
first and second sensors . through the entrance , but will enter the second detection 

The second non - magnetic sensor may have a zone of zone prior to entering the first zone when leaving the 
detection that is at least partially different to that of the first 55 protected area . the skilled person will appreciate that there 
non - magnetic sensor and the signal processing circuit may is flexibility in the choice of detection areas . 
determine that the object has approached from one direction The first non - magnetic sensor and the second non - mag 
if the object has entered the second detection zone before it netic sensor may each comprise an optical sensor and a light 
enters the first detection zone and has approached from a beam , the beam extending across a region of space that 
different direction if it enters the first zone of detection 60 defines a respective detection zone . For the second non 
before the second zone . The direction of travel is therefore magnetic sensor to define a detection zone within the MRI 
determined by combining the outputs of the two sensors . room the light source may be located on the outside of the 

The protected area may comprise an MRI room , the door door and shine a beam onto a retroreflector located inside the 
being an entrance / exit to / from the room . room which sends the beam back to an optical sensor located 

The invention therefore provides a non - magnetic sensor 65 outside of the room . This beam can be oriented such that it 
means that produces sufficient information that the apparatus connects the sensor and retroreflector whenever the door is 
and is able to modify the alarm under certain conditions open and spans the width of the doorway . 
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The first and second non - magnetic sensors may comprise technology is well known in other applications , and as such 
at least one of a photo - electric sensor , a fibre - optic sensor , a the operation of the sensor will not be described here in any 
passive infra - red sensor , a camera , an ultrasonic sensor , a detail . 
radar sensor , an electrostatic sensor , and a millimeter wave An optical sensor may be used to define the primary 
sensor . By photo - detector we mean any detector which is 5 detection zone , and an ultrasonic or radar sensor may be 
able to detect incident photons , whether in the visible or used to detect an object approaching the doorway . Alterna 
non - visible spectrum . tively , a single sensor could be used to detect objects in the 

In one arrangement , the first non - magnetic sensor may primary zone and detect an object approaching the doorway , 

comprise a pair of optical detectors , each associated with a either from within the primary zone or outside of the zone . 
light source which produces a beam of light that impinges on 10 A single ultrasonic or radar sensing apparatus may therefore 

define both a first and second non - magnetic sensor . the photo - detector , the output of each photo - detector chang The magnetic sensor apparatus may comprise at least two ing state when the respective light beam is broken . The light primary sensors , each sensor adapted to measure an ambient beams may be aligned so that they do not overlap spatially magnetic field or its gradient within a localised volume of 
in which case the whole of the light beam may define the 15 space defined by a zone of sensitivity of the first and second 
zone of detection of the secondary sensor . Alternatively , the magnetic sensors and to produce a corresponding measure 
beams may overlap spatially in a region that lies outside of ment signal , the two sensors being secured in position with 
the respective detection zones of the two secondary sensors . one on each side of a doorway . 
When used in an environment which includes a door the The , or each , magnetic sensor may separable from the 

beams simply need to be aligned so that the door does not 20 signal processing circuit such that , in use , the at least one 
pass through the region in which the beams overlap spatially . separable sensor may be disposed remotely to the signal 

To aid alignment , the optical detectors and associated processing means . Similarly the secondary sensing appara 
light sources may be located on or within a rotatable housing tus may be separable from the signal processing circuit and , 
or turret secured to a body of the apparatus , enabling the optionally , the primary sensor apparatus . 
orientation of the beams to be easily adjusted . A lock screw 25 The signal processing means may comprise filter means 
may be provided to fix the housing at the desired angle once arranged to substantially reject spurious variations in the 
installation is complete . This rotatable housing may com measured magnetic field . The filter means may comprise a 
prise a pod secured to a top or bottom a larger housing which high - pass filter and in one convenient arrangement the filter 

may be responsive to the measurement signal produced by accommodates other parts of the apparatus such as the signal 
30 the primary sensor means to attenuate variations therein processor . 

The applicant has realised that the rotatable housing may having a frequency of less than 0 . 3 Hz . 
be used in combination with the earlier arrangement dis The filter means may additionally comprise a low - pass 

filter which may be responsive to the measurement signal closed in GB 2 395 276 or WO 2012 / 022971 the teachings produced by the primary sensor means to attenuate varia of which are incorporated herein by reference . By thisz herence . By this 35 tions therein having a frequency of greater than 3 Hz . application the applicant may seek protection for an appa on for an appa - The signal processing circuit may comprise means for ratus as disclosed in that earlier application , or an apparatus comparing the amplitude of the output from the filter means 
described in any of the claim of this application , that with an adjustable threshold level so as to indicate temporal 
includes one or more optical sensors mounted on a rotatable variations in the measurement signal due to the movement of 
housing or turret . 40 a ferromagnetic object within an ambient magnetic field . 
By rotatable we mean that the housing can be secured in Whilst it is advantageous under the invention of the first 

at least two different angular positions relative to the body aspect to prevent the issue of alarms when an object is 
of the apparatus . It may be positionable in an infinite number leaving a protected area , the applicant has also appreciated 
of angular positions within a range of 10 degrees , or 20 that a more selective suppression of the alarm either for 
degrees or 90 degrees to each side of a neutral position . The 45 objects leaving a protected area or for objects entering the 
body may , for instance , comprise an elongate housing with area or both entering or leaving would be advantageous . 
the turret at one end , preferably a lower end . An alarm may Therefore , according to a second aspect the invention 
be located at the other , preferably upper , end of the elongate provides apparatus for protecting an entrance to a protected 
housing . During installation the housing may initially be area , the apparatus comprising : 
secured to a wall alongside a doorway and the turret then 50 at least one magnetic sensor adapted to measure an ambient 
rotated to the desired position before being secured . The magnetic field or gradient within a localised volume of space 
turret may be rotatable in one plane or in two planes . defined by a first zone of sensitivity of the at least one 

In an alternative , the non - magnetic sensor means may magnetic sensor , and to produce a corresponding measure 
comprise an ultrasonic sensor that emits ultrasonic radiation ment signal , 
and detects reflected parts of the emitted radiation . It may 55 a non - magnetic sensor means adapted to detect the presence 
comprise a radar sensor that emits radar waves and monitors of objects within a primary detection zone in the vicinity of 
a reflected part of the emitted waves . Using ultrasound or the magnetic sensor apparatus , 
radar a single sensor may be used to both detect an object in an RF receiver which is adapted to receive an identity signal 
a primary detection zone and detect the direction in which it from a transducer when the transducer is within a detection 
is travelling based on the characteristics of the reflected 60 zone , 
signals . Typically these sensors rely on the transmission of a memory which stores one or more identity codes corre 
short burst of radiation which are then detected as reflec - sponding to respective identities of transducers , 
tions , the time of flight of the detected reflections being used a signal processing circuit arranged in communication with 
to detect position . Using the well known Doppler effect the the magnetic sensor apparatus , the first non - magnetic sensor 
direction of travel may also be detected by looking at the 65 apparatus and the RF receiver , and 
frequency of the detected reflected part and correlating with a warning device operable by an output signal from the 
the frequency of the associated transmitted signals . Such signal processing circuit , the warning device adapted to 
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provide within the vicinity of primary sensor apparatus at identity of the RFID tag being stored in the memory of the 
least one of an audible and a visible warning , apparatus . Most preferably the memory also stores a value 
and further in which : alongside the identity which corresponds to the ferromag 
the signal processing circuit is configured to identify tem netic profile of the object . 
poral variations in the measurement signal due to the move - 5 The invention of the first aspect and the second aspect can 
ment of a ferromagnetic object within the ambient magnetic be used to reduce the number of alarms that are raised that 
field and to correlate the identified temporal variations in the might be considered to be unwanted . As such the features of 
measurement signal with instances in which the non - mag - the first and second aspects can be combined , producing an 
netic sensor means detects the presence of an object in its apparatus having the second non - magnetic sensor to detect 
detection zone , and in which the signal processing circuit is 10 the approach of objects within the zone with the RF reader 
arranged to cause the alarm to operate in the event that the to discriminate between different types of safe and unsafe 
correlation is indicative of the presence of a ferromagnetic object . However , in its own right the invention of the first or 
object in the primary detection zone but to modify the second aspect of the invention does not directly address the 
operation of the alarm in the additional event that the RF situation in which the door itself might be the cause of 
receiver detects a transducer which has an identity that is 15 genuine false alarms because it is made of or includes items 
stored in the memory . of ferromagnetic material or has induced Eddy currents . 

The RF receiver may comprise and RFID tag reader , and Therefore , according to a third aspect the invention pro 
the transducer radio frequency identify tags ( RFID tags ) . vides apparatus for protecting an entrance to a protected area 
The receiver may be sensitive to ultra high frequency ( UHF ) comprising : 
or High frequency ( HF ) radiation , and may have a detection 20 at least one magnetic sensor adapted to measure an ambient 
range of the order of a few tens of cms , typically up to 30 magnetic field or gradient within a localised volume of space 
cm . defined by a first zone of sensitivity of the at least one 

The modification may comprise suppressing the alarm if magnetic sensor , and to produce a corresponding measure 
the presence of an RFID tag of a known identity is detected ment signal , 
by the RFID receiver . 25 a non - magnetic sensor means adapted to detect the presence 

In a refinement , rather than suppressing the alarm the of objects within a detection zone in the vicinity of the 
system may modify the threshold at which an alarm is magnetic sensor apparatus , 
triggered as a function of the magnitude of the temporal a signal processing circuit arranged in communication with 
variations in magnetic field detected by the magnetic sensor the magnetic sensor apparatus and non - magnetic sensor 
when a known RFID tag is detected . 30 means , and 

For example , the memory may store alongside each a warning device operable by an output signal from the 
identity in the memory a value indicative of a ferromagnetic signal processing circuit , the warning device adapted to 
profile associated with an RFID tag , the profile being used provide within the vicinity of primary sensor apparatus at 
by the apparatus to set the threshold level of change of least one of an audible and a visible warning , 
magnetic field which may trigger an alarm . The circuit may 35 wherein the signal processing circuit is configured to iden 
look up the value and trigger and raise an alarm accordingly . tify temporal variations in the measurement signal due to the 

The memory may allocate one of a set of predefined movement of a ferromagnetic object within the ambient 
thresholds . For instance , some tags may be associated with magnetic field and to correlate the identified temporal varia 
a low threshold so that the sensitivity of the system is tions in the measurement signal with instances in which the 
relatively high , an alarm being raised if a weakly ferromag - 40 non - magnetic sensor means detects the presence of an object 
netic ( or smaller but relatively more ferromagnetic ) object is in the zones , and to cause the warning device to raise an 
passing . Other tags may be associated with a higher thresh - alarm in the event that the correlation is indicative of the 
old so that larger objects can pass without raising an alarm . presence of a ferromagnetic object in the vicinity of the 
Some tags may be associated with a value that suppresses primary sensor apparatus ; 
the alarm completely if the tag is detected . 45 and further comprising : 
As well as allocating a threshold for each tag , the memory a door position sensing means which is adapted to monitor 

may also store information indicative of a desired duration the angular position of a door of the entrance , and 
for the suppression associated with each tag . The signal in which the signal processing circuit is adapted to modify 
processor may then apply the suppression for the time stored the operation of the alarm in the event that output of the door 
in the memory . Once that time has elapsed , if the tag is 50 position sensing means indicates that the door is moving . 
detected the alarm may be raised ( not suppressed ) if the The apparatus may modify the operation of the alarm by 
conditions are met . It is appreciated that for some large suppressing the alarm if the door is moving , or if the door 
pieces of equipment it may take a long time to move through is moving and one or more conditions are met . 
the doorway and so a long time of suppression is needed . For Whilst suppressing the operation of the alarm if the door 
smaller items , such as personal clothing , it can be expected 55 is moving removes the chance of false alarms being gener 
they will move quickly through the doorway so a shorter a ted , it does leave the possibility that a ferromagnetic object 
time of suppression is appropriate . Clearly , the shorter the may pass through the door as it is opening . It is undesirable 
time in which the alarm is suppressed the less the chance of in such an event for the alarm to be fully suppressed . 
other , unidentified but potentially dangerous , items being Therefore , in a refinement the apparatus may not fully 
allowed to pass without an alarm being raised . 60 suppress the alarm if it is moving but instead alter the 

The apparatus may therefore include at least one RFID tag threshold at which an alarm is raised according to the 
which can be allocated to person who is to pass through the position at which the door is located and / or the rate at which 
entrance , or can be stuck to , embedded into or otherwise the door is opening or closing . This allows the magnetic 
attached to an object that might move through the protected effects caused by the door to be compensated for . 
entrance . 65 The duration of the suppression of the alarm may be 

The apparatus may further include one or more ferromag - controlled by the signal processing means . A user operable 
netic objects which have attached thereto an RFID tag , that input ( such as a switch or button ) may be provided which 
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enables the user to turn the suppression on or off as required . According to a fourth aspect the invention provides an 
For example , the apparatus may be set so that the suppres - apparatus for protecting an entrance to a protected area 
sion of the alarm never happens , a so called override mode , comprising : 
or set so that the alarm is suppressed when the door at least one magnetic sensor adapted to measure an ambient 
opens / closes . 5 magnetic field or gradient within a localised volume of space 

In a further refinement the apparatus may include a defined by a first zone of sensitivity of the at least one 
memory which stores historical data information about the magnetic sensor , and to produce a corresponding measure 
change in ambient magnetic field in the zone of sensitivity ment signal , 
of the magnetic sensor , and in the event that the output of the a non - magnetic sensing means adapted to detect the pres 
door position sensing means indicates that the door is 10 ence of objects within a detection zone in the vicinity of the 
moving at the same time that the second sensor indicates the magnetic sensor apparatus , 

a signal processing circuit arranged in communication with presence of an object in the first detection zone , the appa the magnetic sensor apparatus and non - magnetic sensing ratus is arranged to cause an alarm to be raised if the stored means , and historical data indicates that the ambient magnetic field was was 15 a warning device operable by an output signal from the 
changing prior to the start of the movement of the door . signal processing circuit , the warning device adapted to 

The historical information may be obtained by sampling provide within the vicinity of the magnetic sensor at least 
the output of the magnetic sensor periodically . one of an audible and a visible warning , 

Looking back to a time just prior to the door moving to see wherein the signal processing circuit is configured to iden 
if the magnetic field was changing provides a good estimate 20 tify temporal variations in the measurement signal due to the 
of whether a ferromagnetic object was close to the door , and movement of a ferromagnetic object within the ambient 
the raising of the alarm is made on the assumption that the magnetic field and to correlate the identified temporal varia 
same object that is in the detection zone of the non - magnetic tions in the measurement signal with instances in which the 
sensor means when the door is moving is the same ferro - non - magnetic sensing means detects the presence of an 
magnetic object as was detected . This may lead to the 25 object in the zones , and to cause the warning device to raise 
occasion false alarm , but this may be preferable to a com - an alarm in the event that the correlation is indicative of the 
pletely suppressed alarm . presence of a ferromagnetic object in the vicinity of the 

In a refinement , the signal processing circuit may be primary sensor apparatus ; 
adapted to compare the stored historical data with baseline and further comprising : 
data and information indicative of the position of the door to 30 a door position sensing means which is adapted to monitor 
remove from the data the effect of the movement of the door , the angular position of the door relative to a door of the 
and in the event that the correlated data indicates the entrance , and 
presence of a moving magnetic object in the detection zone and further comprising a memory which in use stores 
of the magnetic sensor may reactivate the alarm . historical temporal variations in the measurement signal due 

This may allow data to be used that was recorded even 35 to movement of a ferromagnetic object within the ambient 
when the door was moving , rather than looking back at field , and correlation means which is adapted to correlate the 
historical data obtained from a time before the door started stored historical temporal variations in the measurement 
to move . signal prior to the door moving with incidences in which the 

The apparatus may store the baseline data in memory . non - magnetic sensing means detects the presence of an 
This data may be actual data obtained during installation of 40 object in its detection zone , and in which the apparatus is 
the apparatus as the door is opened and closed and the output arranged to cause the warning device to raise an alarm in the 
of the magnetic sensor is sampled . At the same time the event that the correlation , albeit separated in time , is indica 
output of the position sensor may be sampled and stored tive of the presence of a magnetic object in the vicinity of the 
together with the magnetic data . Each door might produce a magnetic sensor . 
unique variation in the magnetic field , and by storing this in 45 The first , second , third and fourth aspects of the invention 
memory it can be “ substracted ” from the observed change to may , of course , be combined to provide an apparatus that has 
allow the effect of movement of the door to be removed from any combination of the features described herein before . 
any correlation used during the raising of an alarm . According to a fifth aspect the invention provides a 

The door position sensing means may comprise a rotary protected doorway assembly for a room comprising : 
encoder that connects the door and the door frame . It may 50 a doorframe housing a door , and an apparatus according to 
comprise an optical sensor having a source and detector one ore more of the first , second or third aspects of the 
secured to the door or relative to the frame , and a reflector invention . 
which reflects light from the source onto the detector , the The doorway may comprise a doorway into an MRI room . 
sensor determining the distance between the detector and According to a sixth aspect the invention provides a 
reflector . It may comprise an infra red or ultrasonic distance 55 method of protecting a doorway of a room , such as an MRI 
measurement sensor , linear encoder , potentiometer sensor , room , comprising the steps of : 
strain gauge , camera , pneumatic bladder with pressure sen - ( a ) Measuring an ambient magnetic field or its gradient 
sor . using passive primary sensing means comprising a magnetic 

The door position sensor may use infrared light . It may be sensor , and producing a corresponding measurement signal ; 
combined with the non - magnetic sensing means as a single 60 ( b ) Detecting the movement of objects in the vicinity of the 
sensing device . For example , an ultrasonic sensor or radar primary sensor means using a first non - magnetic sensor 
sensor may detect the presence and movement of objects in means comprising at least one sensor adapted to detect the 
the vicinity of the door , including being sensitive to the presence of objects within a respective zone in the vicinity 
position of the door . This can be achieved provided the door of the primary sensor apparatus , 
and the primary detection zone are in the field of view of the 65 ( c ) Identifying temporal variations in the measurement sig 
sensor . The sensor may also determine whether the door is nal produced by the magnetic sensor means due to the 
moving or stationary . movement of a ferromagnetic object within the ambient 
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magnetic field within a localised volume of space defined by ( a ) Measuring an ambient magnetic field or its gradient 
a zone of sensitivity of the magnetic sensor , using passive primary sensing means comprising at least a 
( d ) Assessing the identified temporal variations in the mea first magnetic sensor , and producing a corresponding mea 
surement signal in conjunction with movement of objects surement signal ; 
detected by the non - magnetic sensor means to determine a 5 ( b ) storing in a memory historical temporal variations in the 
correlation there - between , and measurement signal due to movement of a ferromagnetic 
( e ) In the occurrence of such a correlation and with both the object within the ambient field , 
sensors identifying the simultaneous presence of an object in ( c ) Detecting the movement of objects in the vicinity of the 
their respective zones providing an indication of the pres - primary sensor means using second , non - magnetic sensor 
ence of a ferromagnetic object , 10 means , the second sensor means comprising at least one 
( f ) Detecting the movement of objects in the vicinity of the sensor adapted to detect the presence of objects within a 
magnetic sensor means using a second non - magnetic sensor respective zone in the vicinity of the primary sensor appa 
means comprising at least one sensor adapted to detect the ratus , 
presence of objects within a respective zone in the vicinity ( d ) Identifying temporal variations in the measurement 
of the primary sensor apparatus which is located so that an 15 signal produced by the first sensor means due to the move 
object may enter the zone prior to entering the detection ment of a ferromagnetic object within the ambient magnetic 
zone of the second sensor means , field within a localised volume of space defined by a zone of 
And sensitivity of the magnetic sensor , 
( g ) suppressing the alarm signal for a period of time fol - ( e ) Assessing the identified temporal variations in the mea 
lowing the detection of an object in the detection zone of the 20 surement signal in conjunction with movement of objects 
second non - magnetic sensor means prior to entering the detected by the second , non - magnetic , sensor means to 
detection zone of the second sensor . determine a correlation there - between , and 

According to a seventh aspect the invention provides a ( f ) In the occurrence of such a correlation and with both the 
method of protecting a doorway of a room , such as an MRI secondary sensors identifying the simultaneous presence of 
room , comprising the steps of : 25 an object in their respective zones providing an indication of 
( a ) Measuring an ambient magnetic field or its gradient the presence of a ferromagnetic object , wherein the step of 
using passive primary sensing means comprising at least a providing the indication of the presence of a ferromagnetic 
first magnetic sensor , and producing a corresponding mea object comprises the step of producing within the vicinity of 
surement signal ; the primary sensor means at least one of an audible and a 
( b ) Detecting the movement of objects in the vicinity of the 30 visible alarm , 
primary sensor means using second , non - magnetic sensor ( g ) Detecting the movement of objects in the vicinity of the 
means , the second sensor means comprising at least one primary sensor means using a third , non - magnetic sensor 
sensor adapted to detect the presence of objects within a means , the third sensor means comprising at least one sensor 
respective zone in the vicinity of the primary sensor appa - adapted to detect movement of the door of the doorway ; 
ratus , 35 ( h ) in the event that the door is moving correlating the stored 
( c ) Identifying temporal variations in the measurement sig - historical temporal variations in the measurement signal 
nal produced by the first sensor means due to the movement prior to the door moving with incidences in which the 
of a ferromagnetic object within the ambient magnetic field non - magnetic sensor apparatus detects the presence of an 
within a localised volume of space defined by a zone of object in its detection zone , and 
sensitivity of the magnetic sensor , 40 ( i ) and modifying the alarm in the event that the door is 
( d ) Assessing the identified temporal variations in the mea - moving by raising an alarm in the event that the correlation , 
surement signal in conjunction with movement of objects albeit separated in time , is indicative of the presence of a 
detected by the second , non - magnetic , sensor means to magnetic object in the vicinity of the magnetic sensor or 
determine a correlation there between , and suppressing the alarm if the correlation , albeit separated in 
( e ) In the occurrence of such a correlation and with both the 45 time , does not indicate the presence of a magnetic object in 
secondary sensors identifying the simultaneous presence of the vicinity of the magnetic sensor . 
an object in their respective zones providing an indication of There will now be described by way of example only , 
the presence of a ferromagnetic object , wherein the step of several embodiments . 
providing the indication of the presence of a ferromagnetic FIG . 1 is a schematic view of a first embodiment of the 
object comprises the step of producing within the vicinity of 50 present invention which includes a second light beam that 
the primary sensor means at least one of an audible and a detects the approach of objects from inside of a room ; 
visible alarm , FIG . 2 is a schematic view of a second embodiment of the 
( f ) Detecting the movement of objects in the vicinity of the present invention which includes an RF id tag reader and at 
primary sensor means using a third , non - magnetic sensor least one RF id tag attached to a person or object approach 
means , the third sensor means comprising at least one sensor 55 ing a protected doorway ; 
adapted to detect movement of the door of the doorway ; FIG . 3 is a schematic view of a third embodiment of the 
( g ) and modifying the alarm in the event that the door is present invention which includes a door position sensor and 
moving . which suppresses an alarm if the door is moving ; 

The method may comprise suppressing the alarm if the FIG . 4 is a general view of a doorway of a protected MRI 
door is moving . 60 room showing a possible location for installing apparatus of 

It may comprise , in the event that the door is moving the invention ; 
performing the correlation using only historical temporal FIG . 5 is a view from above showing the location of the 
variations in the measurement signal obtained prior to the sensors and a stylised representation of the associated zones 
time that the door started to move . of detection for the embodiment of FIG . 1 ; 

According to an eighth aspect the invention provides a 65 FIG . 6 is a view from above showing the location of the 
method of protecting a doorway of a room , such as an MRI sensors and a stylised representation of the associated zones 
room , comprising the steps of : of detection for the embodiment of FIG . 2 ; 
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FIG . 7 is a view from above showing the location of the 10 and a single comparator 12 . An optional latch 12a may 
sensors and a stylised representation of the associated zones be provided which holds the value of the signal output from 
of detection for the embodiment of FIG . 3 ; the comparator for a predetermined period perhaps up to 1 

FIG . 8 is an illustration of the logic used within the signal second . The output of the latch is therefore a digital signal , 
processing circuit of the first embodiment of FIG . 1 ; 5 with either a logic " zero " value or a logic " one " value . The 

FIG . 9 is an illustration of the logic used within the signal presence of a logic “ one ” value at the output of the latch will , 
processing circuit of the second embodiment of FIG . 2 ; in some circumstances as outlined below , cause the alarm to 

FIG . 10 is an illustration of the logic used within the be raised . 
signal processing circuit of the third embodiment of FIG . 3 ; To raise the alarm the output of the latch 12a is fed into 

FIG . 11 is an illustration of the logic used within the signal 10 a signal processing circuit 16 whose output 18 is fed to one 
processing circuit of a modified form of the third embodi - or more warning devices such as an audible alarm 20 and a 
ment of FIG . 3 ; and visual alarm 22 , and an optional external alarm 24 . It has 

FIG . 12 is a set of plots of signal against time for the been found to be beneficial , although not essential , that both 
different sensors of the apparatus of FIG . 2 showing how a visual and audible alarm is provided . 
historic signal information is used in the event that the door 15 In addition , a visual indicator 11 of the magnitude of the 
is moving to determine whether an object is approaching the magnetic signal may be included . For instance , a series of 
protected area . amber light “ bars ” may be provided which are illuminated 

Referring to FIG . 1 , a first embodiment of a protection sequentially as the output signal increases in strength up to 
apparatus for use in protecting an entrance to a protected the threshold , and once the threshold is reached a red light 
area is shown . For the purpose of this example , the protected 20 may be illuminated . The output of the comparator may be 
area is an MRI room , typically a shielded space in which a arranged to have logic level zero for the state where the 
magnetic resonance imaging machine ( MRI machine ) is signal does not exceed the threshold , and level ' one ' for the 
located . These rooms are often found in larger hospitals or state when the signal has exceeded the threshold . Once an 
universities . The entrance comprises a doorway which is object has passed out of range of the magnetic sensor 4 the 
fitted with a magnetically shielded , side hung , door in a 25 logic level returns to zero once the signal level has dropped 
doorframe . The apparatus protects the doorway of the room below the threshold . In practice , it may be preferable that the 
by raising an alarm , in appropriate circumstances , if it alarm continues for an elapsed time defined by a reset delay 
detects that a ferromagnetic object is passing or about to pass and a latch such as a flip - flop that maintains the output at 
through the doorway . logic zero until the button is pressed . 

The apparatus includes a primary magnetic sensing appa - 30 To reduce false alarms , the apparatus further includes a 
ratus comprising a magnetic sensor 4 , such as a fluxgate secondary , complimentary , non - magnetic sensing means 30 
sensor , a magneto - resistive sensor , a magneto - impedance that senses when a person passes through the doorway or is 
sensor , a Hall Effect sensor , or a galvanic coil sensor , that about to pass through the doorway . The non - magnetic sens 
outputs a signal that is a measurement of the magnetic field ing means in this example comprises a non - magnetic sensor 
incident upon the sensor 4 . Sensor 4 may be an arrangement 35 30 having a distinct zone of protection . This zone should , of 
of more than one sub - sensor such as a balanced pair or an course , lie at least in part within the region over which the 
array of magnetometers . Since the apparatus will typically primary sensing apparatus is sensitive to ferrous objects . The 
be fixed in position proximate a doorway that is being extent of the zone is shown stylised form in FIG . 5 of the 
protected , for most of the time the sensor will register a drawings for a typical installation of the apparatus to a door 
largely unchanging magnetic field due to the earth or where 40 as shown in FIG . 4 of the drawings . 
the door is an entryway to and MRI machine , the combina - In the example of the first embodiment the non - magnetic 
tion of the earth ' s magnetic field with the fringe field of the sensor 30 comprises a photo - electric sensor ( or any other 
MRI ' s magnet . This constitutes a large offset on the output device that is sensitive to incident light ) which is arranged 
of the sensor . This constant offset can be removed using a to detect when a person , or other object , passes through a 
high pass filter . The sensor will also likely measure regular 45 beam of light directed at the sensor . The light beam may be 
changes in the magnetic field associated with the power visible or invisible . The beam of light is generated by a light 
supply for electrical equipment located near the doorway source 31 such as an LED , associated with the photo 
which will cause the output to vary at the supply frequency detector . To protect the doorway it passes fully across a 
and its harmonics . This can also be filtered out using a low width of the doorway about 1 foot to 2 feet above the 
pass filter . The filters collectively constitute a band - pass 50 ground . The region of space through which the beam passes 
filter 6 to perform these functions . defines the zone of sensitivity for the sensor . If an object is 

It is known that it takes between 0 . 3 seconds and 3 in the path of the beam , it is in the zone , and will break the 
seconds , typically , for a person to pass through a doorway . beam . Generally speaking a person or large object will break 
The reciprocal of these times defines the frequencies of the beam as it tries to pass through the doorway . For better 
interest in the output of the sensor 4 , i . e . 0 . 3 to 3 Hz . 55 protection a number of beams may criss cross the doorway 

If a ferromagnetic object carried , or pulled or pushed , by along different paths . The light sensor and light source are 
a person passes close to the sensor 4 , the ambient magnetic located within a rotatable turret 110 at the base of a main 
field will be altered causing a change in the output of the body 100 of the apparatus . 
sensor 4 . That change will pass through the filter 6 and be if the beam is unbroken , the output of the sensor 30 is a 
amplified by an amplifier 8 . In order to trigger an alarm the 60 logical zero and if it is broken by movement of an object into 
signal size is compared with a preset threshold . the path of the beam , the output changes to a logical one 

Because the signal may be positive or negative , the level . Of course , the logic could be reversed in an alternative 
threshold detector consists of a rectification stage 10 fol - embodiment . The output of each sensor may be held for a 
lowed by a comparator 12 that has a circuit 14 to provide a period , say up to 1 second , using a latch ( not shown ) . 
threshold voltage . Alternatively , separate comparators are 65 The output of the sensor 30 is fed to one input of the signal 
used for positive and negative signals with the outputs processing circuit 16 , which in a simple arrangement may 
combined to give a single alarm signal instead of a rectifier comprises a digital logic circuit built using discrete digital 
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16 
logical elements . In its simplest form as shown in FIG . 8 this signal processing apparatus . Typically sensors that can 
will comprise an AND gate 16a with the output of the sensor detect movement exploit the Doppler effect , and can dis 
30 fed to one input of the AND gate and the output of the criminate between objects approaching or moving away 
gate 16a fed to a digital latch 17 . The other input of the AND from the sensor . 
gate 16a is fed with the output of the magnetic sensor 5 A second embodiment of the present invention is illus 
comparator 12 . trated in FIG . 2 of the drawings . This is generally similar to 

The signal processing circuit 16 , in use , performs a the first embodiment , and for clarity the same reference 
correlation function between the magnetic and non - mag - numerals have been used to denote like parts of the appa 
netic sensors . If there is a correlation showing the beam is ratus . In fact , the apparatus includes all of the parts of the 
broken and a large change in ambient magnetic field is 10 first embodiment , but not the second beam that enables the 
present , the circuit will typically output a signal which is alarm to be suppressed for objects leaving an MRI room . 
passed to the alarm circuit ( as shown the direct output from As an alternative to the second beam , a different type of 
the latch is connected to the alarm circuit ) . additional sensor 34 is provided that takes the form of an RF 

In addition the embodiment of FIG . 1 the non - magnetic identification tag reader 34 , a memory 50 in which identities 
sensor means includes a second non - magnetic sensor 32 . 15 of known RFID tags associated with the apparatus may be 
This comprises a photo - electric sensor ( or any other device stored , and some modifications to the logical operation of 
that is sensitive to incident light ) which is arranged to detect the signal processing circuit as shown in FIG . 10 . The 
when a person , or other object , passes through a beam of apparatus is intended to be used along with a number of 
light directed at the sensor in a similar manner to the first RFID tags 40 , and these may be supplied along with the 
non - magnetic sensor apparatus . Again the light beam may 20 apparatus . FIG . 6 shows possible locations of the sensors 
be visible or invisible . The beam of light is generated by a around a protected doorway along with stylised representa 
light source 33 such as an LED , associated with the photo tions of the zones of detection of the sensors . 
detector 32 . Importantly for this embodiment , the second RFID readers are well known in the art and as such will 
beam extends across a region close to the inside of the room not be described in detail here . Suffice that the reader is 
that is being protected as shown in FIG . 5 . The significance 25 arranged to provide as an output a digital signal providing an 
of this is that the order in which the beams are broken allows identity of any RFID tag that is detected within a zone of 
the signal processing circuit to determine the direction in detection . For optimal operation this zone should extend 
which an object is moving . across a region that is further away from the doorway that 

The beam of the second photo - electric sensor is arranged the first beam , and at least overlaps with the zone of 
to be broken by an object that is approaching the doorway 30 sensitivity of the magnetic sensor . Ideally , the range of 
from a position inside the MRI room , the protected area . detection of the reader should be quite low , perhaps only a 
before the beam of the first non - magnetic sensor apparatus few tens of cms around the doorway , so as to only read tags 
could be broken . The output of the second sensor is fed to that are close to the doorway . 
the digital circuit 16 and in the event that it indicates that an Before the apparatus is used , the memory is loaded with 
object has broken the second beam before the first beam has 35 the identities of the tags that are supplied with the system . 
been broken the digital logic circuit causes a suppression of For this example , there are two RFID tags and the memory 
the alarm signal 18 . This signal is combined with the output stores the two Identities of the tags . These may be loaded 
of the latch using a logical AND 16b gate so that as long at into the memory by placing the apparatus into a learning 
the suppression signal is at the logic " one " value the output mode , and moving each tag in turn into range of the reader . 
of the AND gate will be low and the alarm suppressed by 40 In use , upon an object entering the range of the RFID tag 
holding the signal 18 at a low value . reader , the identity of the tag will be output from the reader 

The digital circuit includes a timer circuit which produces and fed to the signal processing circuit . The circuit compares 
a time delay , holding the suppression signal at a high logic the tag with the identities in the memory . If there is a match 
level for a preset time of , say , 1 - 3 seconds . This gives a flag is raised ( moved from logic low to logic high value ) 
enough time for an object to pass through the doorway with 45 to indicate that one of the known tags is near to the doorway . 
the alarm suppressed . The alarm is then raised or suppressed according to the 

Notably , if an object approaches the doorway from out - correlation of the output signals from the magnetic sensor 
side of the room the first beam will always be broken before and the photodetector in the same manner described for the 
the second , and so the suppression of the alarm will not first embodiment . The alarm signal is then fed to an AND 
occur . The apparatus of the first embodiment therefore 50 gate along with the inverted value of the flag so that the 
provides suppression of the alarm for objects leaving the alarm is suppressed if a known RFID tag has been detected . 
protected room , whilst maintaining full alarm for objects The applicant believes that this system may help remove 
entering the room . unhelpful alarms caused by operators passing through the 

In a modified example , not shown , the signal processing doorway with ferromagnetic objects but who can be trusted 
circuit does not rely upon a timer to produce a set time delay 55 to only have done so if it is safe to do so . For instance , an 
for the suppression of the alarm . Instead , the alarm is operator who has been trained in when it is safe to move 
suppressed until such time as the object has broken the first objects , and so can be assumed to not be taking any unsafe 
beam and subsequently the first beam has been remade . This objects into a room , may carry an RFID tag and so never 
gives an indication that the object has cleared the doorway . trigger the alarm . This might be desirable where the opera 

It will be appreciated that different sensors could be 60 tors might be wearing underwired bras which have become 
provided . Instead of optical sensors the embodiment could magnetised , whereas otherwise they will either always trig 
be implemented using ultrasonic or radar sensors . These ger an alarm or be required to change their clothing . 
may be arranged to provide both position information , The memory 40 may , optionally , also store a value along 
detecting objects in defined zones , or movement informa - side each identity in the memory which determines a sen 
tion , allowing movement of objects in the field of view to be 65 sitivity level at which the latch will be triggered . For 
detected . A single transmitter and emitter could be used to instance , a more trusted user may be provided with a tag 
provide both position and movement information to the which is associated with a higher threshold and a less 
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18 
experienced user given a tag associated with a lower thresh - then starts to move , as would be the case where a person 
old . Then , when a tag is identified by the circuit the level at carrying the object approaches the door and then pushes it 
which an alarm will be triggered can be set according to the open . 
corresponding value stored alongside it in the memory . As can be seen , when the signal processing circuit detects 

This later feature in particular is envisaged as useful 5 that the door is moving it looks back in time at the magnetic 
where a tag is secured to a ferromagnetic object such as a signal before the door started to move . If this indicates that 
trolley . The object will have a ferromagnetic profile as seen a ferromagnetic object was moving in the detection zone of 
by the magnetic sensor when it is moved into the detection the magnetic sensor as shown the alarm condition is raised . range of the magnetic sensor . In particular the profile dic The RFID tag condition is then checked to see if the alarm tates the peak change in magnetic field that is expected to be 10 
observed by the magnetic sensor due to the presence of the should be suppressed . If there is a known RFID tag detected 

it may suppress the alarm or modify it according to infor object . This can be used to set the threshold at which the mation held about the RFID tag . latch triggers , so that the object alone cannot set off the 
alarm but the presence of any magnetic object in addition to The skilled person will understand that any of the features 
the object will take cause the threshold to be exceeded and 15 of 15 of these embodiments can be introduced into any other 
so an alarm may be raised . embodiment . For instance , the door moving suppression can 

A still further embodiment is illustrated in FIG . 3 . Again be implemented in conjunction with the second optical beam 
those parts which are the same as the first and second to suppress the alarm as an object leaves a room . 
embodiments have been represented by like reference It should also be understood that the simplified discrete 
numerals . The apparatus includes a magnetic sensor 4 and a 20 logic circuits that have been illustrated are not to be con 
first photodetector 30 that detects a break of a light beam that strued as limiting . An almost limitless set of possible digital 
extends across the doorway of a room being protected . circuits could be readily implemented that achieve the same 

In addition , a door position sensor 36 is provided in this overall logical function , using combination of OR , AND , 
embodiment which produces an output signal indicative of tout signal indicative of NOR , NAND and XOR gates , either as discrete elements or 
the angular position of the door . The location of the door 25 as logical steps in a computer implemented program 
sensor is shown in FIG . 7 of the drawings . The output of this executed on digital processing device . 
sensor 36 is fed into a signal processing circuit , such as that 
shown in FIG . 10 , which processes the signal to determine The embodiments of the invention in which an exclusive 
the position of the door at a given time and also whether the property or privilege is claimed are defined as follows : 
door is moving or stationary . In this example it does so by 30 1 . An MRI room protection apparatus configured to 
comparing the position at the given moment in time with the protect an entrance to an MRI room , the apparatus compris 
position shortly prior to this . Feeding the door position ing : 
signal into a first in last out ( FILO ) buffer in memory a magnetic sensor apparatus adapted to measure an ambi 
provides enough information to achieve this . ent magnetic field or gradient within a localised volume 

The signal processing circuit generates a door moving 35 of space defined by a first zone of sensitivity of at least 
signal with a logical high value if the door is moving and one magnetic sensor , and to produce a corresponding 
logical low value if it is still . This is then combined with the measurement signal , 
output of the latch using a logical AND gate to provide a a non - magnetic sensor means adapted to detect the pres 
signal that is fed to the alarm device . The alarm is therefore ence of objects within a primary detection zone in the 
raised if the latch output is high , indicating that a ferromag - 40 vicinity of the magnetic sensor apparatus , 
netic object has broken the beam of the photoelectric sensor , a signal processing circuit arranged in communication 
but is suppressed if the door is moving . with the magnetic sensor apparatus and non - magnetic 

Suppressing the alarm if the door is moving allows the sensor means , and 
apparatus to be used with ferromagnetic doors which might a warning device operable by an output signal from the 
otherwise cause false alarms as they move . signal processing circuit , the warning device adapted to 

In a modification , shown in FIG . 11 , the apparatus provide within the vicinity of the magnetic sensor 
includes an additional memory which stores historical ambi apparatus at least one of an audible alarm and a visible 
ent magnetic field information from the magnetic sensor . alarm , 
The signal processing circuit , shown schematically in FIG . and further in which : 
11 , upon the door moving signal going high to indicate that 50 the signal processing circuit is configured to identify 
the door has started to move , stops using the output of the temporal variations in the measurement signal due to 
magnetic field sensor for the current time as the basis for the movement of a ferromagnetic object within the 
detecting the presence of a ferromagnetic object moving in ambient magnetic field and to correlate the identified 
the zone of sensitivity and instead looks at historical values temporal variations in the measurement signal with 
stored in the memory prior to the door moving signal going 55 instances in which the non - magnetic sensor means 
high . If this provides an indication that a ferromagnetic detects the presence of an object in its detection zone , 
object was moving in the zone of sensitivity just before the and in which the signal processing circuit is arranged to 
door moved , the circuit will then override the logical high cause the alarm to operate in the event that the corre 
value of the door moving signal so that the alarm is no longer lation is indicative of the presence of a ferromagnetic 
suppressed , the alarm instead being raised . object in the primary detection zone , 

By looking at the historical data , the alarm can remain and further in which the signal processing circuit is 
active but effect of the moving door on the operation of the adapted to determine the direction from which an 
alarm is removed because the apparatus relies instead on the object is approaching an entrance doorway from the 
information obtained prior to the door moving . output signals from the non - magnetic sensor means and 

FIG . 12 illustrates the signals from the magnetic sensor , 65 to modify the operation of the warning device depen 
the optical beam , the door position sensor and the RF dent on the direction of approach , and wherein the 
receiver when a ferromagnetic object approaches a door that non - magnetic sensor means is configured to detect an 
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object at a time when the object is passing through the 5 . The MRI room protection apparatus according to claim 
doorway , wherein the object traverses the doorway in a 2 in which the second non - magnetic sensor has a zone of 
time of up to 3 seconds . detection that is at least partially different to that of the first 2 . The MRI room protection apparatus according to claim non - magnetic sensor and the signal processing circuit in use 

1 in which the non - magnetic sensor means comprises a first 5 is adapted to determine that the object has approached from 
non - magnetic sensor adapted to detect the presence of one direction if the object has entered the second detection objects within a primary detection zone and a second 
non - magnetic sensor adapted to detect the presence of zone before it enters the first detection zone and has 

approached from a different direction if it enters the first objects within a second detection zone . 
3 . The MRI room protection apparatus according to claim 102 zone of detection before the second zone . 

2 in which the non - magnetic sensor means is arranged so 6 . The MRI room protection apparatus according to claim 
that an object approaching the doorway from within the MRI 1 which is adapted to suppress the alarm for a defined period 
room enters the second zone of detection before the first of time sufficient to allow a person to move through the 
primary , detection zone . doorway entering and then leaving the detection zone of the 

4 . The MRI room protection apparatus according to claim 15 magnetic sensor apparatus . 
2 in which the second non - magnetic sensor in a position of 7 . The MRI room protection apparatus according to claim use is arranged to detect an object approaching the doorway 
from within the MRI room prior to the object being detected 1 , wherein the object traverses the doorway in a time from 

0 . 3 to 3 seconds . by the first non - magnetic sensor so that the alarm is sup 
pressed whenever an object approaches the doorway from 
within the MRI room . 


